IMB Detector‐The first 30 Days by Bionta, Richard M. et al.
138 
IMB DETECTOR - THE FIRST 30 DAYS* 
R. M. Bionta 2, G. Blewitt 4, C. B. Bratton 5, B. G. Cortez2, a, 
S. Errede 2, G. W. Foster 2, W. Gajewski 1, M. Goldhaber 3, 
Greenber~ 2, T. J. Haines 1, T. W. Jones2, 7, D. Kielczewski I, 
R. Kropp , J. G. Learned 6, E. Lehmann 4, J. M. LoSecco 4, 
P~ V. RamaDaMurthyl,2, b. H. Park 2, F. Reines 1, J. Schultz 1, 
E. Shumard 2. D. Sinclair 2, D. W. Smith1, c, H. Sobel 1, J. L. Stone 2 
L. R. Sulak 2, R. Svoboda 6, J. C. van der Velde 2, and C. Wuest 1. ' 
(1) The University of California at Irvine 
Irvine, California 92717 
(2) The University of Michigan 
Ann Arbor, Michigan 48109 
(3) Brookhaven National Laboratory 
Upton, New York 11973 
(4) California Institute of Technology 
Pasadena, California 91125 
(5) Cleveland State University 
Cleveland, Ohio 44115 
(6) The University of Hawaii 
Honolulu, Hawaii 96822 
(7) University College 
London, U.K. 
(a) Also at Harvard University 
(b) Permanent address: Tata Institute of Fundamental 
Research, Bombay, India 
(c) Permanent address: University of California, Riverside, 
California 
* Talk presented by D. Sinclair 
0094-243X/83/960138-05 $3.00 Copyright 1983 American Institute of Physics 
139 
ABSTRACT 
A large water Cherenkov detector, located 2000 feet below 
ground, has recently been turned on. The primary purpose of the 
device is to measure nucleon stabi l i ty  to l imits 100 times better 
than previous measurements. The properties of the detector are 
described along with i ts  operating characteristics. 
INTRODUCTION 
In this talk I shall describe the properties of the IMB 
detector and summarize the f i r s t  30 days of operation. 
Figure 1 shows a schematic diagram of the detector. I t  
consists of a rectangular volume of water bounded by six planes of 
photomultiplier tubes, 2048 in all. The tubes have hemispherical 
photocathodes, 5" in diameter. The spacing is about l meter. The 
volume of water contained within the six planes is 6800 m3~ while 
the volume held by the cavity is somewhat larger, ~ 8000 m o. 
The cavity was hewn from the rock and salt of the Fairport Mine 
of theMorton-Thiokol Corporation. I t  is lined with a double layer 
of black; high density polyethylene sheet, each 2.5 mm in thickness. 
A pump-out between the two layers removes the small amount of water 
which leaks out of the inner liner, about 10 gal. per hour. The 
cavity is at a depth of 1940 feet (1600 meters water equivalent). 
SUMMARY OF DETECTOR PROPERTIES 
The detector operates by sensing the Cherenkov l ight  emitted by 
charged particles with velocities in excess of B = .75. Each photo- 
multiplier (PM) tube senses the intensity and time of arrival of the 
Cherenkov wave front. This information is recorded and may be used 
to reconstruct the position and direction of the tracks of charged 
particles. The gamma rays from ~~ decay produce electromagnetic 
showers of e -+ in the water and are thus detected. The detector is 
therefore well-suited for the detection of proton decay to e+~ ~ 
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A schematic view of the IMB detector. 
TABLE 1. PROPERTIES OF THE IMB DETECTOR 
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SIZE: 
Estimated fiducial volume: 
ENERGY RESOLUTION: 
500 MeV shower: a = 11% 
500MeV ~+, ~_+: ~ = 15% 
I GeV shower: o = 8% 
VERTEX LOCALIZATION: 
Two t racks ,  wide opening angle: 
S ingle t rack:  ~ ~ 2 m 
ANGULAR RESOLUTION: 
Showers (e- +, ~~ ~ = 10~ ~ 
Charged tracks: ~ = 5 ~ 
TRIGGERING: 
Noise triggers: ~ 1% 
Cosmic rays: 2.7 ev./sec. 
Energy threshold: ~ 30MeV 
Between PM-tube planes: 4 x 1033 nucleons 
2 x 1033 nucleons 
o ~ . 5  m 
OPERATION OF THE DETECTOR 
The de tec to r  was f i l l e d  w i th  water in  July '82 and the PM tubes 
were i n s t a l l e d  immediately t h e r e a f t e r .  Serious data tak ing had 
s ta r ted  by the end of  August. At the time of  t h i s  ta lk  (Sept.  28, 
'82) the de tec to r  has taken 30 days o f  data su i t ab le  f o r  the study 
o f  nucleon decay. This corresponds to  a duty cyc le  o f  ~ 70%. A l l  
bu t  i% of  the PM tubes are working. The qua l i t y  o f  the data i s  
exce l l en t ,  corresponding c lose ly  w i th  our Monte Carlo s imulat ions.  
A. TRIGGERING 
The discriminator threshold for each PM tube is set at a 
level corresponding to ~ .5 of the pulse height for a single photo- 
electron. The tr igger logic divides the detector into 32 patches, 
each patch consisting of 64 PM tubes in an 8 x 8 square. A patch 
tr igger consists of a discriminator pulse from 3 PM tubes in the 
same patch within a 50 nsec coincidence. A detector tr igger con- 
sists of either 2 patch triggers i n  150 nsec coincidence or 10 PM 
tubes anyw e--~-6-r-6-in the detector in 50 nsec coincidence. - -  
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The trigger rate is due almost entirely to cosmic rays and is 
normally 2.7 triggers/sec. Noise triggers are usually less than 
1%. 
The minimum energy necessary to trigger the detector is 30 MeV 
i f  the particle is an electron. 
B. RECORDED DATA 
For each PM tube the following is recorded: 
I .  The time of the pulse. There are two time scales: 
. 
a. T 1 scale; 0-512 nsec in l ~sec intervals. 
b. T 2 scale; 0-7.5 nsec in 15 nsec intervals. 
The charge (Q) collected from the photocathode. The Q 
scale ranges from 1 to 512 and this corresponds approx- 
imately to the range 1 to 50 photoelectrons though i t  
is  very non-linear. 
C. CALIBRATION 
The T1, T 2 and Q scales are calibrated by means of a pulsed 
l i gh t  source located at the center of the detector. This l i gh t  
source consists of a diffusing ball connected via an optical f iber 
to a nitrogen laser. This laser produces pulses of u.v. l i gh t  
(~ = 330 nm) whose time variance is less than l nsec. The intensity 
of the l i gh t  may be varied by the insertion of neutral f i l t e rs .  
With th is system we obtain for each PM tube: 
1. Absolute time calibrations of the T1 andT2 scales for 
different l i gh t  intensit ies. 
2. Relative Q calibrations in the range 1 to 50 pe. 
A single overall constant is needed to provide the ahsolute Q 
calibration. This is obtained by co~uting the total Q expected 
from vertical muons traversing the center of the detector and 
co~aring this with the data for such muons. 
